Background: Disturbances of smell and taste are common. About 5% of the general population have anosmia (absence of the sense of smell). Olfactory dysfunction can markedly impair the quality of life.
• The pleasure gained from eating and drinking is greatly reduced. Owing to these limitations many patients with olfactory dysfunction show signs of depression (2) .
Interestingly, around 5% of people are anosmic. The loss of olfactory function clearly increases with age: Above 50, a quarter of the population has an impaired sense of smell (presbyosmia) (3) (4) (5) . Although this is well known, research into olfaction is at least 40 years behind work on the senses of hearing and sight. It was not until 2004, for instance, that a Nobel Prize was awarded for research into the sense of smell. This also goes to show how smell plays a much less important part in human life than hearing and vision.
This article is based essentially on the findings of a selective literature review.
Physiological aspects
As a rule, olfaction forms one component of a multisensory event. Eating and drinking involves the interaction of at least three sensory pathways: the gustatory, trigeminal, and olfactory systems (6) . The gustatory system (glossopharyngeal, facial, and vagus nerves) conveys sweet, sour, salty, bitter, and umami flavors (umami is the flavor of glutamate, best described as the taste of meat broth). The trigeminal nerve transmits sensations such as the pungency of mustard and the sparkling of carbonated drinks. The olfactory system picks up thousands of different odors from the environment via the nostrils, but when food and drink are being consumed the smells reach the olfactory mucosa by way of the throat, imparting the final subtleties of taste. Many patients who have lost their sense of smell initially complain that their sense of taste is blunted.
The olfactory mucosa is situated in the upper third of the nasal cavity; only about 10% of inhaled air reaches the olfactory epithelium (e1).
Odoriferous substances penetrate the mucous membrane and activate the olfactory receptor proteins on the cell wall of the apical cilia of the olfactory cells (7) . The special characteristic of the ca. 6 to 30 million olfactory receptor neurons (ORNs) is that they continuously renew themselves from the basal cells. This regeneration capacity diminishes with increasing age (interestingly, there is a statistical association between olfactory acuity and mortality [8] ).
Around 380 functional receptors are coded in the human genome (9, 10) . Every ORN expresses a certain receptor type. ORNs that express the same receptor type send axons to specific glomeruli in the olfactory bulb (OB). Odors regularly bind to more than one type of receptor. This leads to various patterns of stimulation in the OB that serve to code the quality of odors. The subsequent cerebral processing of odors involves, among other structures, the limbic system (e.g., amygdala, hippocampus), cerebellum, and insula (11) . The orbitofrontal cortex is important for the conscious perception of odors (5) .
Diagnosis
The most important thing when investigating olfactory dysfunction is to take a detailed medical history. Patients must be asked about the onset, course, and nature of the impairment, their previous illnesses, and the medications they have taken (12) . The ENT examination should include nasal endoscopy. Referral to a neurologist is advisable particularly in the case of idiopathic olfactory dysfunction. Magnetic resonance imaging (MRI) of the brain may be necessary, for instance if the dysfunction is suspected to be congenital.
After initial, at least cursory assessment of the sense of taste with flavor sprays, the patient's sense of smell is investigated. There are simple screening tests that distinguish between "healthy" and "sick," deliver useful and readily understandable results in a matter of minutes, and are easy to apply. The Olfactology/Gustology Working Group of the German Society of Otorhinolaryngology, Head and Neck Surgery recommends "Sniffin' Sticks" for this purpose (Figure 1) . The "Sniffin' Sticks" system comprises a screening test, more extensive tests of the detection and distinction of odors, and determination of the olfactory threshold. The penlike devices containing the odoriferous substances are reusable (13) . In the case of more complex problems, additional information can be provided by retronasal tests of olfaction, recording of olfactory evoked potentials, and volume measurement of the OB (13) .
Etiology
Olfactory dysfunction is divided into quantitative and qualitative impairments ( Table 1 ). The principal causes of olfactory dysfunction include: (14, 15) . Posttraumatic olfactory dysfunction may be due to rupture of the olfactory filaments or cerebral contusion. In the case of viral infections, the causal factor is assumed to be damage to the ORNs. The causes of sinonasal olfactory dysfunction include inflammatory or mechanical factors such as diversion of access to the olfactory epithelium (13) . Smell tests can contribute to the localization of the underlying pathology. If only the ability to discriminate between odors is affected, central nervous impairment can be suspected, while isolated shifting of the olfactory threshold tends to indicate peripheral damage (16) .
Early symptom of neurodegenerative disease
In recent years, extensive investigations have confirmed the association between neurodegenerative disease and olfactory impairment and demonstrated the high diagnostic significance of this link (17) (18) (19) . Olfactory dysfunction thus serves as an early warning of the most frequent neurodegenerative diseases -idiopathic Parkinson disease (IPD) and Alzheimer dementia (AD)-and aids differential diagnosis.
Idiopathic Parkinson disease
Together with tremor, rigidity, and akinesia, olfactory dysfunction is a prominent symptom of IPD (17) . Taking the olfactory function of healthy young people as the normal value, over 95% of patients with IPD exhibit olfactory impairment (20) (Figure 2 ). Even using age-related normal values (21) , almost 75% of IPD patients have hyposmia or functional anosmia. The test (21) shows severe hyposmia or anosmia in most patients, occasionally accompanied by parosmia. The olfactory deficit can be detected by simple means, but comprehensive olfactory testing offers the greatest sensitivity. In patients found to have normal olfactory function the diagnosis of IPD should be reconfirmed or other diagnoses considered.
At the individual level it is very difficult to establish a correlation between the extent of olfactory impairment and the duration of the Parkinson disease symptoms. However, measurement of evoked potentials (EPs) after passive olfactory stimulation demonstrated a correlation between EP latency times and the severity of IPD (22) . Furthermore, a recently published study indicates a marker function for hyposmia for disease progression, at least in the early stages (23) .
Olfactory dysfunction is an early symptom of IPD. Because the sense of smell deteriorates only slowly, however, the loss of olfactory acuity often goes unnoticed by those affected and is hardly ever reported. The olfactory impairment is thought to precede the motor symptoms by ca. 4 to 6 years. For this reason IPD should be considered in at least some cases of idiopathic olfactory dysfunction, particularly in patients who display REM sleep behavior disorder or depression. In a study of 361 relatives of IPD patients who themselves showed no motor symptoms, 4 (10 %) of the 40 subjects found to have hyposmia were diagnosed as having IPD 2 years later (24) (see [25] ). These findings receive support from the model described by Braak et al. (26) , according to which the earliest pathological changes in stage I occur in the OB and the anterior olfactory nucleus, while the substantia nigra is not involved until stage III. These early changes in olfactory function currently form part of several longitudinal cohort studies (e.g., www.trend-studie.de).
Other parkinsonian syndromes
Severe olfactory dysfunction is also found in Lewy body dementia. The olfactory impairment is less far-reaching in multisystemic atrophy, and patients with progressive supranuclear ophthalmoplegia (PSP) or corticobasal degeneration (CBD) generally have practically unaffected olfactory function (18) . The American Academy of Neurology now recommends including tests of olfaction in the diagnosis of IPD, although so far only the distinction of IPD from PSP or CBD is viewed as reliable.
Very few studies have provided data on olfactory function in familial Parkinson disease. While mild hyposmia was observed in individuals with mutations in the alpha-synuclein gene (PARK-1), persons with mutations in the parkin gene (PARK-2) showed practically normal olfactory function. Individuals with mutations in the LRRK2 gene (PARK-8) displayed olfactory dysfunction identical to that in IPD; however, the small number of asymptomatic carriers of the gene examined to date were normosmic (e2). Differentiation of vascular Parkinson disease from IPD may be difficult because of the possibly similar findings (27) .
Patients with neuroleptic drug-induced parkinsonian syndromes exhibit moderate olfactory dysfunction (28) . There is a close correlation between the degree of hyposmia and the severity of the motor symptoms. This raises the question of whether the patients who develop parkinsonism under the influence of neuroleptics possess a predisposition for IPD, or whether the administration of neuroleptics unmasks IPD and the accompanying olfactory dysfunction.
In symptomatic parkinsonian syndromes, e.g. on the basis of Wilson disease, there is a clear correlation between olfactory dysfunction and extrapyramidal motor symptoms. This illustrates the close connection between the function of the basal ganglia and olfactory processing (29) .
Alzheimer dementia
The olfactory deficits observed in patients with Alzheimer dementia (AD) are similar in severity to those in IPD. Olfactory testing cannot distinguish between early AD and early IPD (30) . In AD as in IPD, olfactory dysfunction is an early symptom. According to Braak et al. (31) , there is very early involvement of the entorhinal cortex, which plays a role in both mnestic and olfactory processing. In contrast to IPD, therefore, a clear correlation has been demonstrated between the severity of symptoms and olfactory performance. Patients with AD also display MRI signs of OB volume reduction at a very early stage. Patients with only mild cognitive impairments were found to have impaired olfactory function compared with healthy controls (32) , and the deterioration in olfactory performance may precede the cognitive deficits.
Similarly severe olfactory abnormalities have been described in other dementias of neurodegenerative origin, such as the above-mentioned Lewy body dementia and frontotemporal dementia.
Huntington disease
Huntington disease is associated with moderate hyposmia. Family members with a 50% risk of disease show no olfactory abnormalities (see, for example, [e3] ), so it can be assumed that the olfactory changes begin at the same time as the motor and cognitive symptoms. In contrast, Larsson et al. (33) reported odor discrimination impairments in asymptomatic carriers of the Huntington disease gene.
Other neurodegenerative diseases
Many other neurodegenerative diseases are accompanied by olfactory dysfunction, but usually not as an early symptom. Among the heredoataxias, olfactory function has so far been investigated, and impairments found, in patients with Friedreich ataxia and spinocerebellar ataxia types 2 and 3. Mild olfactory dysfunction is also found in motor neuron diseases. Hyposmia has been described as occurring early in the course of Creutzfeldt-Jakob disease; for other prion diseases the data are insufficient. Worthy of mention is a study in knockout mice demonstrating that the physiological prion protein has a role in olfactory processing (34) . Very frequent, improvement due to surgery or conservative treatment, but often only for a short time
Prognosis and treatment
The prognosis of olfactory dysfunction depends on the cause. There is very little that can be done to affect agerelated and congenital olfactory dysfunction; the patients can best be helped by counseling (www.hno.org/ olfaktologie/index.html [in German]). Ten to thirty percent of patients with posttraumatic anosmia and around 60% of those with postinfectious olfactory dysfunction experience partial recovery over the course of time. The time since the onset of olfactory dysfunction is also prognostically relevant (35) .
Treatment of the cause of olfactory dysfunction is possible only when nasal diseases are responsible (see review in [13] ). Operative treatment, e.g., polypectomy or surgery for pansinusitis, and administration of corticosteroids are the primary options.
The best results in surgical treatment of olfactory dysfunction are generally thought to be obtained in patients with polyposis. The patient's age and the number of previous operations do not predict postoperative olfactory performance (36) .
Corticoids for conservative treatment of sinonasal olfactory dysfunction can be administered topically or systemically (e4). Systemic corticoids are often given in the form of so-called cortisone pulse therapy (e.g., 40 mg initially with reduction by 5 mg every 2 days). This procedure also seems sensible in idiopathic olfactory dysfunction, for instance in the case of endoscopically undetectable mucosal swelling in the olfactory fissure. Because of the nasal filtering function, local corticoids (37) should be given using an extra-long applicator (e5) or with the patient's head tilted backwards.
With regard to the treatment of other, nonsinonasal forms of olfactory dysfunction, accounts of some interesting approaches have been published but no blinded studies have been conducted. The procedures described include the use of caroverine, alpha-lipoic acid, theophylline, or acupuncture; most of these approaches are based on the hope that the olfactory system will be possessed of plasticity. One newly described approach, olfactory training, takes advantage of the unique regenerative capacity of the ORNs (38) . A multicenter double-blind study under the aegis of the Olfactology/ Gustology Working Group of the German Society of Otorhinolaryngology, Head and Neck Surgery demonstrated that this inexpensive, complication-free stimulation of the sense of smell in patients with postviral olfactory disorders achieved improvement of olfactory function that was significantly better than spontaneous recovery (manuscript in preparation).
Treatment options in dysfunction of neurodegenerative origin
Medicinal treatment of IPD seems to have no effect on the olfactory dysfunction. In contrast to dopaminergic therapy, deep brain stimulation in the subthalamic nucleus showed a positive effect on some aspects of olfactory processing (e6). One promising approach is the recently described olfactory training (38) , in which the patient regularly sniffs at samples of various odors.
Olfactory dysfunction can considerably impair the patient's quality of life but is not always seen as meriting treatment, partly because attention is focused on the symptoms of the underlying disease and partly owing to the gradual development of the dysfunction in most neurodegenerative diseases, so that patients become accustomed to it. Nevertheless, in view of the potential consequences of olfactory dysfunction, e.g., failing to notice that foodstuffs are spoiled, patients with such diseases should be informed about the accompanying olfactory symptoms.
Although the options for treatment of olfactory dysfunction in neurodegenerative diseases are limited, it is important to record the presence of any olfactory disorder. It has to be assumed that early diagnosis will enable earlier initiation of disease-modifying-or, in the future, perhaps neuroprotective-treatment strategies. In this way, recording of hyposmia has an important part to play.
Conclusion
Olfactory dysfunction accompanies many neurodegenerative diseases. Its early occurrence in IPD and AD gives it a special role in the early detection and differential diagnosis of these diseases, which may be decisive in timely initiation of treatment. Patients with olfactory dysfunction of unknown cause seem to have a two-to threefold risk of developing IPD or AD at a later point in time.
The guidelines of the German Society of Otorhinolaryngology, Head and Neck Surgery (39) thus recommend that patients with olfactory dysfunction of uncertain origin be referred to a neurologist after conclusion of the ENT work-up. 
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• Olfactory dysfunction is an early symptom of the most common neurodegenerative diseases, idiopathic Parkinson disease and Alzheimer dementia, and may be helpful in differential diagnosis.
• Causal treatment is currently available only for olfactory dysfunction owing to nasal diseases; the primary options are surgery or administration of corticosteroids.
• A new approach to the treatment of nonsinonasal olfactory dysfunction is a course of olfactory training. 
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